We present a multi-class solution based on minimalist Ad-aBoost for identifying blemishes present in visual images of potatoes.
Introduction
In this paper we present a multi-class minimalist AdaBoost solution to identifying blemish types in images of potatoes. Potatoes are an important part of the food supply in much of the world and the biggest factor in their market price is appearance. A typical human grader can make a quality classification for a small baking potato every 0.45 seconds, thus there is a need to consider both speed and accuracy in an automatic classifier. The system developed should be trainable, so that it can work with different varieties of potatoes and variations in seasons, lighting conditions, etc. A human expert is required to mark up areas of blemishes by type in a set of training images. After training, the system should be able to classify individual pixels by their blemish type, and hence grade whole potatoes according to typical industry criteria, in this case 10% coverage.
Potato Blemishes
There are a number of diseases affecting potato tubers that, although superficial and generally of little or no health consequence to humans, strongly and negatively influence consumer choice. These conditions present a variety of differently coloured, sized and textured symptoms on the skin surface. Such diverse visual information provides us with a rich source of indicators that can be used for training an automatic blemish detector.
These blemishes include black dot, a mostly speckled blemish with a soft texture ranging from brown speckles to a silvery area with black speckles. Silver scurf is a fungal infection which manifests as a silvery area, often with a brown perimeter and black speckles. Powdery scab and common scab both manifest primarily as areas where the skin splits open along straight lines presenting an often star-like shape. Other forms of blemish include physiological blemishes, e.g. greening and sprouting. See Fig. 1 for examples of these blemish classes.
(a) A potato blemished by black dot.
(b) A potato blemished by silver scurf.
(c) Potato blemished by powdery scab.
Fig. 1. Examples of the potato blemish types used in our experiments
The identification of blemishes is important for a number of reasons. Supermarkets will usually be more tolerant of some blemishes than others, for instance greening, of the bright "field green" variety, is more of an issue than silver scurf, since the latter can be peeled off. Secondly, there is an interest in the possibility of using such a system for epidemiology purposes, to determine which farms are growing more potatoes with certain blemishes in order to coordinate efforts to provide treatments such as fungicides to the regions most afflicted.
Related Work
In typical machine vision systems for quality analysis of food products, there are several major steps: after pre-processing (e.g. to segment the object of interest from the background), features are extracted that summarise important qualities of the object, then a pattern recognition system is used to categorise the input data. For example, [1] developed methods to distinguish between blemishes in apples and healthy apples with visible stem or calyx. In [2], HSV-colour and texture histograms are used to classify different types of fruit and vegetables.
In the area of machine vision for potatoes, [3] used Fourier harmonics to describe the shapes of potatoes. Custom lighting equipment is used in [4] to project light at a variety of different wavelengths to demonstrate the different reflective properties of specific blemishes at each wavelength.
[5] used the HSI colour space to identify green potatoes as well as yellow and green apples. [6] graded potatoes by size and shape. In [7] a system uses green levels to detect green defects (greening and sprouting) in potatoes. In [8] mis-shapen potatoes are detected by comparing the local rate of change in radius of a potato as well as detecting sprouting by comparing the green colour channel with the intensity.
A major limitation of typical systems is that the set of features for pattern recognition has to be designed by the system engineer to work with a specific
